P sychosis is a severe complication of epilepsy with a prevalence between 0.5% and 9%. [1] [2] [3] The symptomatology is often reminiscent of schizophrenia, but clinically POE is distinguished by the lack of negative symptoms and better premorbid and long-term functioning. 4 In terms of etiology, little is known about the pathogenesis of POE. Since POE classically follows the onset of epilepsy with a latency of several years and it is more common in temporal lobe epilepsy (TLE), Slater and colleagues put forward the temporal lobe hypothesis of POE. 5 Since then, POE has been related to early onset of epilepsy, 6 bitemporal seizure foci, 7 temporal lobe dysplasias, 8 and foreign body lesions. 9 Recently, we reported amygdala enlargement in a volumetric study of 26 patients with POE, distinguishing this patient group from patients with TLE alone and healthy controls. 10 With volume loss of mesial temporal lobe structures (hippocampus and amygdala) being one of the most consistent findings in schizophrenia, 11 this observation supported the notion that schizophrenia, similar to psychosis of epilepsy, is a distinct nosologic RÜ SCH et al.
entity. However, there is no agreement as to whether the pathophysiology of POE is similar to that of schizophrenia. Furthermore, POE might as well result from a comorbidity between schizophrenia and TLE. 10, 12 In schizophrenia, apart from volume loss of subcortical structures such as the hippocampus and amygdala, there are many reports of cortical abnormalities. A majority of magnetic resonance imaging (MRI) studies in schizophrenia found cortical abnormalities, particularly in the temporal, 13 prefrontal, 14 and also parietal 15 cortex. Recently, Wilke et al. 16 reported left dominant frontaltemporal and insular gray matter reduction in schizophrenia, using statistical parametric mapping to analyze the differences. Using the same method, Ananth and et al. 17 and Hulshoff Pol et al. 18 found decreases of gray matter density in several cortical areas, including the frontal and temporal cortex.
In this study, we wanted to test the hypothesis that, similar to schizophrenia, there is evidence of cortical gray matter reduction in patients with TLE and POE. In doing so, we studied the same patient sample as the one published recently. 10 However, this time we used the methodology of voxel-based morphometry (VBM) in the framework of statistical parametric mapping to analyze possible cortical abnormalities in this condition. This methodology is completely different to the one used in the previous study, where manual tracing of predefined subcortical structures like the amygdala and hippocampus was used to examine possible differences between POE and schizophrenia. In contrast, this study reports results of VBM, which is an unbiased and fully automated approach to analyze differences in cortical gray matter density.
Rationale of the Study
In summary, we employed the objective and fully automated technique of VBM to test the hypothesis that, similar to schizophrenia, there is evidence of widespread frontotemporal cortical gray matter abnormalities in POE. More precisely, we wanted to answer the following questions: Do patients with POE differ from patients with TLE alone and healthy comparison subjects in terms of frontotemporal gray matter density?
Is there any significant difference between patients with schizophrenia-like psychosis of epilepsy (SLPE) and postictal psychosis (PIP) and control groups?
Is there any significant interaction between variables like age, intelligence quotient (IQ), hippocampal and amygdala volumes, and cortical gray matter density in the different study groups?
METHODS

Patient Identification
Approval for this study was obtained from the ethics committee of the National Hospital for Neurology and Neurosurgery (NHNN), University College London Hospitals, Queen Square, London, United Kingdom (UK). Our study used a retrospective approach to identify patients with temporal lobe epilepsy at a tertiary referral centre (National Society for Epilepsy, Chalfont Centre for Epilepsy, UK). The clinical syndrome of interest was defined as complex partial seizures with clinical features and electroencephalogram (EEG) and MRI findings compatible with temporal lobe epilepsy. All patients with chronic intractable TLE who had been referred to the Chalfont Epilepsy Centre from 1995-1999 (n ‫ס‬ 1,008) were surveyed, and a total number of 26 patients (2.6%) with POE were included. Full hospital notes were obtained for these cases, and patients were then classified into groups of postictal psychosis and interictal psychosis on the basis of notes made from discharge summaries from inpatient stays at psychiatric hospitals and/or by consultant psychiatrists working in the Department of Neuropsychiatry, National Hospital. The minimum requirement for a diagnosis of psychosis was the presence of delusions and/or hallucinations. Confusional states or depressive symptoms alone were not regarded as sufficient. The temporal relationship of the psychotic mental state to the ictus was noted, and patients that presented with psychopathology independently of seizures were classified as suffering from an interictal schizophrenia-like psychosis (SLPE), while psychotic episodes that appeared in a clear temporal relationship to a cluster of seizures, mostly being separated from it by a lucid interval, were said to represent postictal psychoses (PIP). Episodes that seemed to be drug-induced, provoked by excessive consumption of alcohol, or represent complex partial status were excluded. These criteria closely follow the description of postictal psychosis by Logsdail and Toone.
19 TLE diagnoses were made by neurologists not involved in this study. Patients with extratemporal or generalized epilepsy were excluded, as were patients with a full IQ below 70 on the Wechsler Adult Intelligence Scale-Revised (for patient selection and classification of postictal and Table 1 .)
ABSENCE OF CORTICAL GRAY MATTER
FIGURE 1. Illustration of the Selection Process
The two control groups consisted of 24 randomly chosen cases of temporal lobe epilepsy without any psychopathology except dysthymia, who were groupmatched for age, sex, duration of epilepsy and antiepileptic medication, and 20 healthy volunteers. 
Image Acquisition
Preprocessing of Structural Data
Template creation. An anatomical template was created from 31 healthy subjects imaged on the same MRI scanner, with the same scanning parameters in order to reduce scanner-specific bias. This process involved spatially normalizing each structural MRI to the ICBM 152 template (Montreal Neurological Institute) which is derived from 152 normal subjects and approximates the Talairach space. The normalized data were then smoothed with a 6-mm-full-width at one-half-maximum (FWHM) isotropic Gaussian kernel, and the template was created as a mean image.
Spatial normalization. All scans in native space were transformed to the same stereotactic space. The first step in spatial normalization consists of estimating the optimal 12-parameter affine transformation to match images. 20 In a Bayesian framework, the maximum a posteriori estimate of the spatial transformation is made using prior knowledge of normal variability in brain size. The second step accounts for global nonlinear shape differences that are modeled by a linear combination of smooth basal functions. 21 This normalization allows the detection of local differences in the concentration of gray matter, having discounted global shape differences. 22 The spatially normalized images were resliced with a final voxel size of 1 ‫ן‬ 1 ‫ן‬ 1 mm 3 (recommended by J. Ashburner, oral communication).
Segmentation. Scans were then segmented into gray matter, white matter, cerebrospinal fluid (CSF), and other nonbrain partitions. Statistical parametric mapping (SPM) segmentation uses a mixture model cluster analysis to identify voxel intensities matching particular tissue types (gray matter, white matter, and CSF) combined with an a priori knowledge of the spatial distribution of these tissues in normal subjects, derived from probability maps. 20 Brain extraction. This is a fully automated procedure in SPM99 to remove scalp tissue, skull, and dural venous sinus voxels. In a recent large study, Good et al. 23 showed that without a brain extraction step, there appear to be significant differences in gray matter that are in fact due to misclassified nonbrain tissue.
Smoothing. The normalized, segmented, and extracted images were smoothed with a 12-mm FWHM isotropic Gaussian kernel, which renders the data more normally distributed, and thus increases the validity of the parametric statistical tests in SPM. 
Statistical Analysis
We analyzed the normalized, segmented, extracted and smoothed images by statistical parametric mapping (SPM99) in the framework of the General Linear Model. 24 Hypotheses about regionally specific effects between groups by two contrasts were tested. This analysis detects whether each voxel has a greater or lower gray matter density in a patient group than in the other patient group or the healthy comparison group. To control for differences in voxel intensity across scans, global mean voxel value was included in all analyses as a confounding covariate in an analysis of covariance (ANCOVA), while preserving regional differences in gray and white matter. 24 We compared 1) the group of TLE and POE versus the group of TLE alone in order to test our main hypothesis; 2) the whole group of TLE alone versus healthy subjects in order to check the sensitivity of our method; 3) subsamples of the three main groups, which were homogeneous with respect to EEG laterality and magnetic resonance (MR) pathology, versus each other in order to control for possible differences between subgroups that were specific to EEG or MR findings; and 4) the PIP group with the SLPE group. In a final set of analyses, age, IQ, and amygdala, hippocampal, and total brain volumes, measured in a previous study of the same sample, 10 were included as additional covariates in order to account for possible confounding effects of these variables.
Significance levels were set at p Ͻ 0.05, with p being corrected for voxel-by-voxel comparisons in the entire volume. Corrections for the search volume and implicit multiple voxel-wise comparisons were calculated using the Gaussian random field theory, which is the established approach to inference in smooth spatially extended data. 25 
RESULTS
EEG and MRI Abnormalities
There was no difference in the distribution of EEG abnormalities between the groups, with respect to laterality. While hippocampal sclerosis was more common in patients without POE, there were no significant differences in terms of nature and laterality of the neuropathology, as diagnosed by visual assessment of MRI scans. The data are summarized in Table 2 and Table 3 .
Neuropsychological Profile
There were no differences in performance IQ (Wechsler Adult Intelligence Scale-Revised) between psychotic 
Gray Matter Differences
Temporal lobe epilepsy and POE versus TLE alone-whole groups. There were no significant differences with respect to increase or decrease of gray matter concentration between the whole group of patients with TLE and POE (n ‫ס‬ 26) and the group with TLE alone (n ‫.)42ס‬
Temporal lobe epilepsy and POE versus TLE alone-subgroups according to MR-and EEG-pathology.
There were no significant differences with regard to gray matter increase or decrease in the following subgroups: TLE and POE without MR lesions (n ‫ס‬ 13) versus TLE alone without MR lesions (n ‫ס‬ 7); TLE and POE with leftsided MR lesions (n ‫ס‬ 6) versus TLE alone with leftsided MR lesions (n ‫ס‬ 10); TLE and POE with left-sided MR or EEG pathology (n ‫ס‬ 10) versus TLE alone with left-sided MR or EEG pathology (n ‫ס‬ 12); and TLE and POE with right-sided MR or EEG pathology (n ‫ס‬ 5) versus TLE alone with right-sided MR or EEG pathology (n ‫ס‬ 10).
Temporal lobe epilepsy and POE versus TLE alone-whole groups with age, IQ, and amygdala, hippocampal, and total brain volume as covariates. Volumes of amygdalae, hippocampi, and total brains in this sample were measured in a previous study. 10 Using these variables, both separately and altogether as possible confounding covariates, several ANCOVAs produced no significant differences in decrease or increase of gray matter.
Schizophrenia-like psychosis versus PIP.
There was no significant difference in gray matter density between these groups.
Temporal lobe epilepsy alone versus healthy controls-whole groups. The TLE alone group showed a significant increase in gray matter concentration in the right temporal lobe (Table 4) .
DISCUSSION
In our study we investigated a possible role of differences in gray matter concentration in the pathogenesis of POE in patients with TLE. We did not find significant differences in gray matter concentration between patients with POE and TLE and those with TLE alone.
Methodological limitations of our study should be considered prior to an interpretation of our findings.
Methodological Issues
Patient selection. First, our study is retrospective in nature. Thus, unfortunately, we were unable to obtain an elaborate psychometric assessment of study patients, retrospectively, since the patients were referred from various regions of the UK. All patients were seen and diagnosed by a neuropsychiatrist expert in epilepsy (MRT). All three study groups were matched for age and sex, and the two patient groups were matched regarding duration of epilepsy. Patients with any DSM-IV axis I disorder, except for psychosis of epilepsy, were excluded from further analysis. The dysphoric disorder of epilepsy 26 was not excluded since this disorder is very common in epilepsy. Only patients with temporal lobe epilepsy were included in our study. All patients received a thorough neurological, psychiatric, and neuropsychological work up. Patients with extratemporal or generalised epilepsies were excluded, as were those with a full scale IQ Յ 70. Thus, we were able to study a homogeneous, well defined, and well assessed sample of Sample size and power. Given our mainly negative findings, a larger sample size would have been preferable. However, the 3D datasets used in our study were acquired only since 1995, thus we could not recruit more patients from our center. Still, our sample of 26 patients with TLE and POE and 24 matched patient controls with TLE alone is, to our knowledge, the largest sample reported in the imaging literature. Furthermore, there are two reasons why, by inference, we consider our sample sufficiently large to detect differences between groups. First, several studies using a very similar methodology in SPM99 and smaller samples were able to detect significant differences in gray matter concentrations of patients with schizophrenia and healthy controls. 27, 28 Second, we were able to find significant differences in the temporal lobes between patients with TLE alone and healthy controls, which argues for the sensitivity of our analyses.
Motivation for our improved protocol. In our study, we used a refined version of the conventional preprocessing protocol for voxel-based morphometry. Ashburner and Friston 22 describe this conventional method, which consists of the three steps normalization, segmentation, and smoothing. This is a well-established process and has been successfully applied in numerous studies. To improve this method further, we included a step of brain extraction following the recommendation of Good et al. 23 All images, including those used for the template, were acquired on the same scanner in order to avoid group differences for technical reasons.
Gray and White Matter Changes in POE
There have been early attempts to identify cortical changes in POE using CT scans that did not show enlarged cerebral sulci or other evidence of cortical damage. 29 More recent MRI studies examined the cortex in POE, and there was no evidence of cortical changes. 30 Consistent with these observations, we again did not find any evidence of gray matter abnormalities in our sample of patients with POE.
POE and Schizophrenia
We studied possible differences in gray matter concentration between patients with POE and TLE controls. Both groups share the temporal pathology involved in temporal lobe epilepsy. We did not find any evidence of cortical gray matter pathology in the POE group. Thus, unlike in schizophrenia, widespread cortical pathology apparently is not involved in the pathogenesis of POE. Instead, subcortical temporal lobe pathology involving limbic structures seems to be more relevant. 10 Unfortunately, a schizophrenia control group was unavailable for reasons discussed above. However, among other studies mentioned before, Ananth et al. 17 recently found widespread cortical changes in schizophrenia using the same VBM methodology that we used in a sample size of 20 patients with schizophrenia and healthy subjects. In contrast to the negative findings for gray matter changes, there have been repeated reports of white matter pathology in POE. Conlon et al. reported changes in the temporal white matter. 30 Another neuropathologic study described perivascular white-matter softenings in schizophrenia-like psychosis, periventricular gliosis, and enlarged lateral ventricles that are commonly attributed to subcortical brain damage. 31, 32 Taken together, these studies support the notion that, unlike in schizophrenia, subcortical and, in particular, temporolimbic brain abnormalities are of importance in the pathophysiology of POE, while there is no evidence of cortical brain pathology.
